Abstract
Background
The 2011 National Breastfeeding Survey for Singapore, which included 1962 new mothers from nine hospitals in Singapore, found that while 96% of the new mothers were breastfeeding on the day of discharge, only 80% and 42% of them were still breastfeeding at 2 months and 6 months respectively [1] . This is despite the fact that most Singaporean mothers know that "breastfeeding is the best form of feeding for a newborn" (93%), "breast milk is the best for baby" (79%) and that "breast milk protects baby from a wide range of disease" (54%) [1] . The most commonly cited reasons for stopping breastfeeding included being "not able to supply enough milk" (61%) and the "need to return to work" (24%) [1] . Postpartum anxiety and depression have been shown to have negative associations to continued breastfeeding outcomes [2] [3] [4] . Women with symptoms of postpartum anxiety are less likely to initiate breastfeeding and, if breastfeeding were to be commenced, are more likely to terminate breastfeeding earlier and supplement with infant formula [2] . Postpartum depression is also negatively associated with decreased breastfeeding duration, increased breastfeeding difficulties and decreased levels of breastfeeding self-efficacy [3, 4] .
While there have been various studies that demonstrate associations between postpartum anxiety and depression and the likelihood of breastfeeding, the relationship between peripartum anxiety and depression and its effects on breastfeeding has not been well researched. We hypothesize that the psychological vulnerabilities the mother experiences during delivery, particularly peripartum anxiety and depression, can have negative impacts on the mother's inclination to breastfeed. The primary aim of this study is to investigate the associations between psychological vulnerabilities, specifically peripartum anxiety and depression, and the likelihood of breastfeeding at 5 to 9 weeks postpartum. The secondary aim of this study is to investigate demographic, obstetric and pain characteristics that may also influence breastfeeding at 5 to 9 weeks postpartum.
Methods
KK Women's and Children's Hospital (KKH) is a tertiary level care hospital in Singapore that provides specialized medical care to the obstetric, gynaecological and pediatric populations. This cohort study uses data collected in an ongoing trial: The Collaborative Outcomes with Labour Epidural Use Study (COLEUS). The COLEUS study is registered on clinicaltrials.gov (NCT02278601). The main study is a double blinded, randomized controlled trial, with the primary aim being to investigate the efficacy of 3 different epidural maintenance regimens.
The study population included healthy (American Society of Anesthesiologists physical statuses 1 and 2), nulliparous, adult parturients at ≥36 weeks gestation, carrying a singleton fetus, presenting in early labour (cervical dilation ≤5 cm), requesting labour epidural analgesia and who were suitable for a combined spinalepidural technique. Parturients with multiple pregnancies, a non-cephalic fetal presentation, a history of obstetric or medical complications, contraindications to neuraxial blockade, or who had received parenteral opioids within the last 2 h or had an unintentional dural puncture at the initiation of the epidural were excluded. The participants, attending midwives and medical team were all blinded to the participant assignment and treatment allocation.
Self-reported questionnaires on data of anxiety (State--Trait Anxiety Inventory (STAI)), depression (Edinburgh Postnatal Depression Scale (EPDS)), stress (Perceived Stress Scale (PSS)), pain susceptibility (Pain Catastrophizing Scale (PCS)) and pain perception (Short Form McGill Pain Questionnaire (SFMPQ)) were collected from the participant at baseline after they had just received labour epidural analgesia. We selected to use these questionnaires because they were not only convenient for the participants, but also the reliability and validity of the questionnaires used in our study have been well-established [5] [6] [7] [8] [9] [10] . Participant demographics, obstetric and anaesthetic data were also collected in this study.
A phone interview would be done at 5 to 9 weeks postpartum. This time period was selected to assess the short term breastfeeding status of participants, as well as to screen for postnatal depression. The participant would be asked to complete another series of questionnaires including the EPDS, STAI, and the Breastfeeding Questionnaire via a phone interview conducted by a blinded research study team member. The Breastfeeding Questionnaire has been included in this manuscript (see Additional file 1). All data collected was entered into an electronic REDCap database, by two research team members and subsequently crosschecked after entry, to ensure the accuracy of the data recording. Any discrepancies and inconsistencies in the data entry were reviewed and de-conflicted by a third investigator. Participants who responded to this 5 to 9 weeks postpartum phone interview were included into the analysis.
Sample size calculation and statistical analysis
The planned sample size for the study was 320 participants, which is based on the following assumption: 80% of mothers will continue breastfeeding till 2-4 months after delivery based on the National Breastfeeding Survey conducted in Singapore [1] , with a 95% confidence interval (CI) (precision) of 79.96% to 80.04% i.e. a width of confidence interval of 0.086%, using the Wilson score interval method for CI calculation [11, 12] . Our primary objective was to investigate for possible determinants that may influence the mother's likelihood of breastfeeding at 5 to 9 weeks postpartum. Peduzzi et al., Concato et al. and Vittinghoff et al. recommended that multivariable logistic regression models should be used with at least 10 events per predictor variable [13] [14] [15] . From our data, the prevalence of participants who breastfed at 5 to 9 weeks postpartum was 82.4% (263/319). Based on the recommendations, we could adjust for a maximum of 263/10 ≈ 26 variables in the multivariate model. Our study was adequately powered (> 80%) with 320 patients based on following assumptions: proportion of participants who "breastfed 5 to 9 weeks postpartum" as 80%, odds ratio (OR) of 3.5 (or 0.29) and alpha or type I error rate as 5%.
The primary outcome "status of continued breastfeeding" was treated as binary data with categories of "yes" or "no". Demographic, clinical, self-reported questionnaires, obstetric and anesthetic data were summarized as mean with standard deviation (SD) for continuous variables, and frequency with corresponding proportion for categorical variables. Univariate and multivariate logistic regression models were used to identify possible risk factors of breastfeeding at 5 to 9 weeks postpartum. Associations drawn from the logistic regression models were characterized using ORs with corresponding 95% CI. Variables with p-values < 0.20 in the univariate analysis and clinically important variables were selected for the multivariate logistic regression model. The union of the variables from forward, backward and stepwise method were used to finalize the list of variables in the multivariate model with entry and stay criteria as 0.2 and 0.05 respectively. Then we used likelihood ratio test followed by area under the curve (AUC) to determine the final multivariate model. The variables identified in the multivariate analysis were further analysed for the strength of their associations to the likelihood of breastfeeding at 5 to 9 weeks postpartum through a Receiver Operating Characteristic (ROC) curve. AUC from ROC was also reported. The significance level was set at 0.05 and all tests were two-tailed. Data were analysed using SAS version 9.3 software (SAS Institute Inc.; Cary, NC, USA).
Results
A total of 464 participants were selected for this study, of which 135 participants were lost to follow up and hence were not included into the study. The participant demographic characteristics are shown in Table 1 . We found that 263 (79.9%) of the participants were still breastfeeding at 5 weeks postpartum. The proportions of those who breastfed at 5-9 weeks postpartum in each ethnic group were 84.6% (176/208) Chinese, 80.0% (24/30) Indian, 66.0% (33/50) Malay and 73.2% (30/41) of other ethnicities. Figure 1 illustrates the flowchart of the study.
We also found that 7 (2.1%) participants had newborns with congenital disorders, of which 4 newborns had cardiac anomalies, 2 newborns had orthopedic anomalies and 1 newborn had neurological anomalies. When grading their birth experience, 91.8% of participants were above satisfied.
Results from self-reported questionnaires are shown in Table 2 . From the Breastfeeding Questionnaire, 94.2% of participants had some form of breastfeeding support, of which help from the nurses in the maternity ward (82.1%) and from a lactation consultant (37.4%) were the most common. The mean infant age for cessation of breastfeeding was 34 days. The most common reasons for cessation reported by participants were having insufficient breast milk (75.8%) and choosing to stop breastfeeding (33.3%).
The univariate and multivariate regression analyses are shown in Table 3 . Covariates that are independently associated with breastfeeding at 5 to 9 weeks postpartum are: receiving any support services on breastfeeding (p = 0.02), achieving a lower state anxiety score at baseline (p = 0.03), not having any form of fetal anomalies (p = 0.02) and achieving lesser intrapartum blood loss (p = 0.01). Ethnic differences are also independently associated with the likelihood to breastfeed at 5 to 9 weeks postpartum (p = 0.01). Indians (Adjusted OR [AOR] 0.56; 95% CI 0.20, 1.53), Malays (AOR 0.30; 95% CI 0.14, 0.62) and other ethnicities (AOR 0.36; 95% CI 0.16, 0.83) were less likely to breastfeed at 5 to 9 weeks postpartum as compared to Chinese participants. The AUC based on multivariate analysis was 0.7065, demonstrating that the association factors utilised in this study and the identified covariates are moderately associated with breastfeeding at 5 to 9 weeks postpartum (see Additional file 2).
Discussion
In our study, we have found that ethnic differences are independently associated with the likelihood to breastfeed for at least 5 to 9 weeks postpartum. Participants with no fetal anomalies, lesser intrapartum blood loss, lower state anxiety score and who received support or guidance on breastfeeding are more likely to be breastfeeding at 5 to 9 weeks postpartum. We did not find any significant associations between EPDS scores and the likelihood of breastfeeding at 5 to 9 weeks postpartum.
The 2011 National Breastfeeding Survey for Singapore showed that the prevalence of breastfeeding differed across the various ethnic groups, with higher prevalence found in the Chinese and Indians as compared to Malays and other ethnicities [1] . Similarly, Pang et al. conducted a cohort study involving 1030 Singaporean women in early pregnancy and found that the prevalence of breastfeeding at 6 months postpartum varies among the different ethnic groups even after adjusting for maternal education [16] . In our study, we found Values are represented either as mean ± SD or number (proportion) Fig. 1 Flow chart of study similar prevalence (79.1% vs 79.9%) of breastfeeding at 5 to 9 weeks postpartum as compared to the National Breastfeeding Survey in 2011 [1] . The ethnic differences and effects on breastfeeding at 5 to 9 weeks postpartum in our study also mirror those found in the National Breastfeeding Survey and Pang et al.'s study. Some barriers to breastfeeding which might account for such ethnic differences include the lack of social and cultural acceptance and support, language barriers, and lifestyle choices [17] . The Baby Friendly Hospital Initiative was jointly launched by the World Health Organization and the United Nations Children's Fund in 1991 as a global effort to implement practices that promote, protect and support breastfeeding [18] . This includes improved support of breastfeeding in hospitals, actions to protect breastfeeding by national policy implementation, and public promotion campaigns. KKH was accredited as a baby-friendly hospital under the Initiative from 2014. We have also developed multiple support services to encourage breastfeeding, including training for obstetric ward nurses, arranging a visit to the breastfeeding dyad from a lactation consultant while in hospital and establishing a pre-and postnatal lactation clinic. Our participants also had access to a lactation telephone helpline and to the lactation consultant via phone after discharge.
Other support services include the nationwide Breastfeeding Mothers' Support Group Helpline and the Joyful Parenting and Breastfeeding Helpline. We found that participants who received support services on breastfeeding were 3.3 times more likely to be breastfeeding at 5 to 9 weeks postpartum compared to those who did not. This is however confounded by the fact that those participants who are more likely to want to breastfeed also tend to seek out such support services. Nonetheless, published literature have supported the efficacy of support services on the inclination to breastfeed and its continued duration postpartum [19, 20] . Our study showed an inverse association between STAI scores at baseline and breastfeeding at 5 to 9 weeks postpartum. Participants with more postpartum anxiety were more likely to stop breastfeeding by 5 to 9 weeks. In a systematic review by Fallon et al. on postpartum anxiety and infant-feeding outcomes, the authors found that women with postpartum anxiety are less likely to breastfeed exclusively and more likely to stop breastfeeding earlier [2] . In those who do breastfeed, postpartum anxiety reduces self-efficacy, increases breastfeeding difficulties, and may negatively affect breastfeeding behaviors and even breast milk composition. Heterogeneous outcomes and methodological limitations however limit the ability to compare across the studies in the review. Our findings are consistent with those found in similar studies such as a study in Pennsylvania which showed that the positive STAI score of 192 parturients were associated with poorer breastfeeding outcomes in the first 6 months postpartum [21] .
We found that intrapartum blood loss is negatively associated with breastfeeding at 5 to 9 weeks postpartum. We hypothesize that the amount of blood lost intrapartum is an indicator of the difficulty and complexity of the delivery process. To the participants, this can translate into birth traumas that can become a source of psychological distress. It has been shown in other studies that traumatic stressors can influence and truncate the duration of breastfeeding in mothers [22, 23] . Additionally, it can be argued that substantial hemorrhages can lead to delayed initiation of breastfeeding. This could be due to the mothers feeling fatigued from anemia, or that the mothers had to receive specialized care postpartum in a high dependency unit or in an intensive care unit. A delayed initiation of breastfeeding has been shown to increase the risk of breastfeeding cessation. Thompson et al. conducted a study of 206 mothers looking at associations between postpartum hemorrhage and breastfeeding experiences, and showed that women with greater blood loss are more likely to have delayed initiation of breastfeeding and shortened duration of breastfeeding [24] . Similarly, Brown and Jordan found, in their cross-sectional survey of 284 mothers, that postpartum hemorrhage was significantly associated with shorter breastfeeding duration [25] .
The presence of fetal anomalies having a negative impact on breastfeeding at 5 to 9 weeks postpartum could be explained by the increased psychosocial burden placed on the families. Mothers of infants with fetal anomalies may find it more difficult to feed their babies and have increased distress over the overall care of their newborns [26] [27] [28] . This burden could be intensified if the newborns had been admitted into the intensive care unit [29] . That being said, it is still possible to improve breastfeeding outcomes in newborns with congenital anomalies so long as the primary care team adopts the necessary measures [30] . Torowicz et al.'s prospective cohort study of 62 mothers has shown that the attitudes of the institution and the advocacy for breastfeeding are key for the initiation and maintenance of breastfeeding in mothers who have infants with complex congenital heart diseases [31] .
Our study did not show any significant associations between EPDS scores and breastfeeding at 5 to 9 weeks postpartum. This finding differs from those seen in other studies, which show that higher EPDS scores were associated with cessation of breastfeeding [32] [33] [34] . Likewise, a systematic review of existing literature on breastfeeding and maternal depression has shown that both pregnancy and postpartum depression predict shorter breastfeeding durations [35] . We hypothesize that the lack of an association in our study could be the short follow-up period (5 to 9 weeks postpartum) as opposed to the time point assessments adopted in other studies.
This study is limited by confounders present in our study such as participants with preconceived intentions to breastfeed and participants with background prenatal anxiety and depression. Other considerations such as smoking status and body mass index that may serve as potential confounders were also not taken into account in our study. Another limitation is our broader inclusion criteria of participants with 59 who breastfed exclusively and 97 who breastfed non-exclusively, rather than specifically analysing participants who breastfed exclusively. Furthermore, we only looked at participants who have received labour epidural analgesia. In addition, our study conducted follow ups at 5 to 9 weeks postpartum, and did not follow up at 6 months postpartum. While breastfeeding is recommended for at least the first 6 months, we recognise that psychological vulnerabilities such as anxiety and depression are prevalent in the weeks following labour, thus our selection of follow up time points. We only analysed participants who completed all stages of this study, and we did not analyse the differences between these participants and those with incomplete stages. Finally, we found that insufficient milk supply was a common reason for cessation of breastfeeding according to responses. However, we did not explore the milk insufficiency in these women.
Conclusion
Breastfeeding is substantially beneficial to both mother and child. Given the importance of breastfeeding, it is essential to identify risk factors that can influence breastfeeding outcomes. In our study, we have ascertained several determinants that have significant impact on breastfeeding at 5 to 9 weeks postpartum. Healthcare providers could utilize this risk stratification to identify parturients likely to have poorer breastfeeding outcomes and undertake interventions that may help safeguard optimization of breastfeeding outcomes and parturient care.
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